Abstract. Two horses, a 16-year-old male Holsteiner and a 5-year-old male miniature horse, were diagnosed with halicephalobiasis at the California Veterinary Diagnostic Laboratory System, San Bernardino Branch, in April and June of 1998. Over a period of 4 weeks, the Holsteiner horse developed renal dysfunction, blepharospasm, and blindness in the right eye. A 15-cm-diameter mass was detected on ultrasound examination in the right kidney. Terminally, the animal developed seizures and was euthanized. The miniature horse had a 6week-long illness characterized by testicular enlargement and uveitis. This animal developed ataxia and died. Necropsy examination revealed bilateral enlargement of the kidneys in both horses, petechial hemorrhages of the optic nerve (Holsteiner), and a diffusely firm and enlarged left testicle (miniature horse). Microscopic evaluation of tissues revealed granulomatous nephritis, optic neuritis, retinits, and encephalitis in both horses and orchitis in only the miniature horse with intralesional rhabditiform nematodes. Halicephalobus gingivalis was found in the urine sediment of both animals and in semen of the Holsteiner horse.
The genus Halicephalobus (previously known as Micronema) includes free-living nematodes of soil, manure, and decaying humus. 7 Halicephalobus gingivalis invades and reproduces in tissues of horses and humans, with fatal outcomes. [1] [2] [3] [4] [5] [6] [9] [10] [11] [12] [13] [14] [15] The most commonly involved organs in the horse include the brain, kidneys, oral and nasal cavities, lymph nodes, spinal cord, and adrenal glands. Other tissues such as the heart, stomach, liver, ganglia, and bone (mandible, maxilla, femur, nasal bones) can also be affected. 13 In 3 human cases, the parasite was present in the brain. 6, 9, 11 In one of these cases, the liver and heart were also involved. 6 In tissue, only ova, larvae, and adult females are seen, and presumably reproduction in the parasitic phase is by parthenogenesis. 4 Recently, the parasite was successfully cultured and studied for the first time from nematodes collected from mandibular lesions of a horse. 1 The authors of the study, after a new and more detailed description, established H. gingivalis as a valid species of Halicephalobus and confirmed H. deletrix as a synonym. Here, we describe the clinicopathologic and pathologic findings of H. gingivalis infec-tion of 2 stallions that resided within 8 km of each other in southern California.
In mid-April 1998, a 16-year-old Holsteiner stallion was euthanized after a 4-week period of illness characterized by kidney dysfunction, blepharospasm, and blindness in the right eye. A 15-cm-diameter mass in the right kidney was detected by ultrasonography. A biopsy of the right kidney revealed a granulomatous nephritis associated with intralesional nematodes compatible with H. gingivalis. The horse was treated with dimethyl sulfoxide, (DMSO), dexamethasone, intravenous fluids, antibiotics, ivermectin, a and flunixin meglumine. b The horse developed seizures and became comatose, and euthanasia was performed.
A 5-year-old miniature stallion presented with a similar condition about mid-June 1998. The 6-week period of illness was characterized by significant left testicular enlargement, uveitis, and ataxia. The animal was kept in a sling for 3 days and treated with ceftiofur sodium, c DMSO, intravenous fluids, and flunixin meglumine prior to death.
Both horses were submitted for necropsy to the California Veterinary Diagnostic Laboratory System, San Bernardino Branch. Postmortem examination of the Holsteiner stallion revealed marked enlargement of the kidneys (right kidney, 3.725 kg; left kidney, 3.28 kg). When incised longitudinally, each kidney contained 2 firm, gray-tan confluent masses replacing most of the parenchyma. The urinary bladder was distended with urine, and the mucosa had petechial hemorrhages. Examination of the urinary sediment revealed small rhabditiform nematodes (approximately 250 m in length). Examination of thawed-frozen semen also revealed a few rhabditiform larvae. The cross-sectional surface of the optic nerve showed pinpoint hemorrhagic foci. Other tissues were grossly unremarkable. Postmortem examination of the miniature stallion revealed a large circular grayish mass (4.3 cm in diameter) and 2 other smaller masses (1-2 cm in diameter) in the cortex of the left kidney (Fig. 1A) . The right kidney had 3 smaller masses (1-2 cm in diameter). The left testicle was diffusely firm and enlarged and weighed 100 g (Fig. 1B) . The right testicle was normal and weighed 50 g. The urinary bladder contained a small amount of urine, and examination of the sediment revealed a few rhabditoid nematodes and ova. Other tissues were grossly unremarkable. The following tissues were collected for histologic evaluation: diaphragm, testis, urethra, brain, spinal cord, optic nerve, eyeballs, lung, trachea, heart, stomach, intestines, adrenal, liver, kidney, urinary bladder, spleen, and epididymis. Tissue samples for light microscopy were fixed in 10% formalin, routinely processed, and embedded in paraffin. Fourmicrometer-thick sections were stained with hematoxylin and eosin (HE).
Microscopic lesions in the Holsteiner stallion were limited to the brain, optic nerve, retina, and kidney. The optic nerves (right and left) had multifocal to diffuse granulomatous necrotizing neuritis with severe epineural and perineural fibrosis (Fig. 1C ). There were many intralesional larval and adult rhabditiform nematodes. The lesions in the right optic nerve were more severe than those in the contralateral optic nerve. In the retina and uvea of the left eye, there was marked inflammation with complete effacement of the architecture, and these structures were occupied by numerous sections of the rhabditiform nematode, accompanied by fibrosis and pigmented epithelial cells (Fig. 1D) . The brain lesions were sporadic and mild. The areas affected were at the optic chiasm, cerebellum, hippocampus, medulla, and cerebrum. Of these, the most affected was the optic chiasm. Lesions consisted of multifocal malacia, neuroxonal degeneration, and vasculitis. Rare numbers of the nematodes were seen in the brain associated with the lesions around the blood vessels. The kidney had diffuse granulomatous inflammation consisting of epitheloid macrophages, multinucleated giant cells, plasma cells, lymphocytes, and fibroblasts. Large numbers of nematodes of different stages (larvae and adult) and occasional embryonated ova were present within granulomas. Renal tubules were dilated and contained proteinaceous material and cellular debris.
The microscopic lesions in the miniature stallion were similar to those in the Holsteiner horse with the exception that the left eye and the right optic nerve were not involved. The testicular lesions in this stallion consisted of diffuse granulomatous inflammation with complete effacement of the architecture (Fig. 1E) . The inflammatory cells consisted of multinucleated giant cells, macrophages, lymphocytes, and fibroblasts. Adult hematode females, larvae, and occasional embryonated eggs were seen in large numbers. The kidney had diffuse granulomatous inflammation consisting of multinucleated giant cells, fibroblasts, and lymphocytes surrounding several adult and larval nematodes (Fig. 1F) . Other tissues were not affected.
Specimens obtained from the urine and teased kidney lesions were examined on wet mount. Female nematodes were 250-350 m long and 15-20 m in diameter and had a cylindrical body, with tapered head anterior end and tail, and a rhabditiform esophagus with the characteristic corpus, isthmus, and valved bulb, and a reflected ovary (Fig. 1G ). Ova were 45 ϫ 13.5 m. (Fig. 1H) . These morphologic features are consistent with the description of H. gingivalis. 2 The pathogenesis, life cycle, and route of infection for H. gingivalis are poorly understood. The route of entry of the nematodes in humans seems to be from manure-contaminated skin lacerations. 6, 9, 11 The parasite appears to establish its residence in the equine oral or nasal cavities. 4 The parasite may then locally invade the sinuses or bones of the head and later disseminate to other organs hematogenously. Hematogenous dissemination is often suggested because worms have been reported free in the lumina of blood vessels in the brain. 15 There was no evidence of trauma, wounds, or lacerations noted in these horses. In a case of H. gingivalis infection in 2 half-sibling foals, a possible prenatal, perinatal, or transmammary mode of transmission was suggested. 13 Other rhabditoid parasites infecting equine skin include Strongyloides westerii 7 and Cephalobus sp. 8 These organisms can be distinguished from Halicephalobus by their morphology in tissues. The life cycle of S. westerii involves cutaneous penetration by larvae; however, adults and ova are not found in the skin. 7 Cephalobus sp., reported in a case of verminous mastitis in a mare, can be differentiated from Halicephalobus by the blunt posterior end and differences in the shape of the stoma and esophagus. 8 In North America, other causes of verminous encephalitis may include Hypoderma bovis, Hypoderma lineatum, Strongylus vulgaris, and Draschia megastoma. 12 Other causes of ataxia in horses include trauma, degenerative myelopathy, wobblers syndrome, neoplasia, Sarcocystis neurona infections, and other infectious agents.
Although rare, in animals with neurologic signs and renal dysfunction H. gingivalis infection should be considered in the differential diagnosis. The infections of the 2 stallions presented here are of particular interest for the following reasons: 1) these are the first cases in which H. gingivalis was identified in urine (both stallions) and semen (Holsteiner), and 2) the 2 horses were located geographically near each other, and both died within a 2-month time period. The mode of infection, pathogenesis, distribution, and prevalence of this parasite are all enigmatic and require further study. To perform risk assessment, evaluate potential treatment, and to determine if halicephalobiasis is an emerging disease, a detailed understanding of its basic biology is needed. 
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